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Abstract 
We have shown the interesting results of the optical signal amplifications using a Gaussian pulse propagating within a 
nonlinear microring resonator system. Several Gaussian pulses with different center wavelengths, for instance, 400-1,500 nm are 
investigated using the designed system. Results have shown that the optical signal amplification using the nonlinear ring resonator 
is plausible. By using the input power of 2 W, the optical output of 15 W is achieved. The interesting aspect is that all Gaussian 
input wavelengths can be amplified which can be useful for other wavelengths in future communication. © 2009 Elsevier B.V. 
All rights reserved. 
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1. Introduction  
 
Optical amplifiers are critical elements that re-energize weakened network signals traveling long distances over 
optical communications systems. As the use of voice, video and data applications continues to grow and drive 
higher network traffic levels. Service providers are under constant pressure to continue improving their networks to 
support bandwidth demands in a cost-effective and space efficient way. Optical amplifier target by developing the 
photonic integrated amplifier has been attractive device. The optical amplifier device will be replaced by photonic 
integrated device with a single chip and smaller than current solutions, which will be the reconfigurable amplifier 
solution that can be used for a variety of amplifier functions, making it possible to use the solution either as a 
booster amplifier at transmit locations, as a pre-amplifier at receiver sites, or as an in-line amplifier in between 
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locations that transmit and receive optical signals within a network. There are some other known techniques that can 
be used to amplify the optical signals such as erbium doped fiber amplifier and semiconductor amplifier. However, 
the problem is that they can apply in the certain wavelength range. Therefore, we are looking for such a device that 
can be used to perform more available wavelength range. Recently, researchers [1, 2] have shown that light pulse 
can be stretched, compressed and amplified within a tiny device known as a “microring resonator”. The large 
amplification is also seen after light pulse propagating within a nonlinear microring resonator, whereas the suitable 
parameters such as ring radius, coupling coefficient and initial input power are chosen. In this paper, we have shown 
that light pulse from a broad spectrum of laser sources can be amplified within a nonlinear micro ring resonator 
system. This is allowed to improve the optical signal amplified device that may be covered the broad wavelength 
range in the communication. 
In operation, the specific wavelength of light source can be generated by using the simple device schematic 
diagram as shown in Fig. 1. Light from a monochromatic light source is launched into a nonlinear ring resonator 
system with constant light field amplitude (E0) and random phase modulation (I0), which results in temporal 
coherence degradation. Hence, the time dependent input light field (Ein) can be expressed as 
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We assume that the nonlinearity of the optical ring device is of the Kerr-type, i.e., the refractive index is given 
by 
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where n  and n  are the linear and nonlinear refractive indexes, respectively. I  and P  are the optical intensity and 
optical power, respectively. The effective mode core area of the device is given by effA . For the microring and 
nanoring resonators, the effective mode core areas range from 0.10 to 0.50 Pm2 [3]. 
When a Gaussian pulse is input and propagated within a microring resonator as shown in Fig. 1, which 
consists of series microring resonators. The resonant output is formed, thus, the normalized output of the light field is 
the ratio between the output and input fields ( )(tEout  and )(tEin ) in each roundtrip, which can be expressed as[4] 
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An equation (3) indicates that a ring resonator in the particular case is very similar to a Fabry-Perot cavity, which has 
an input and output mirror with a field reflectivity, (1-N ), and a fully reflecting mirror. Nis the coupling coefficient, 
and  2/exp Lx D represents a roundtrip loss coefficient,   kLnI  and 
2
2 inNL EkLn I   are the linear and 
nonlinear phase shifts, OS / k  is the wave propagation number in a vacuum. Where L and D are a waveguide 
length and linear absorption coefficient, respectively.  In this work, the amplified signals with constant output and 
without the change in phase are required to confirm the large bandwidth output. Therefore, the iterative method is 
introduced to obtain the results as shown in equation (3), similarly, when the output field is connected and input into 
the other ring resonators.  
The input optical field as shown in equation (1), i.e. a Gaussian pulse, is input into a nonlinear microring 
resonator. By using the appropriate parameters in equation (3), the Gaussian band is obtained. To filter the required 
signals from the Gaussian band, we propose to use the add/drop device with the appropriate parameters. This is given 
in details as followings. The optical outputs of a ring resonator add/drop filter can be given by the equations (4) and 
(5).  
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where Et and Ed represents the optical fields of the throughput and drop ports respectively. Where effknE   
represents the propagation constant, effn  is the effective refractive index of the waveguide, and the circumference of 
the ring is 2 L RS , here R  is the radius of the ring.  In the following, new parameters are used for simplification, 
where  LI E  is the phase constant. The signal bands can be filtered (i.e. selected) by using the specific parameters 
of the add/drop device, which the required signals at the specific wavelength band can be filtered and retrieved. 
N1and N2 are coupling coefficient of add/drop filters, OS /2 nk  is the wave propagation number for in a vacuum, 
and the waveguide (ring resonator) loss is D = 0.5 dBmm-1. The fractional coupler intensity loss is J = 0.1. In the case 
of add/drop device, the nonlinear refractive index is neglected. 
 
2. All-wavelength Optical Amplifiers 
 
The schematic diagram of the proposed system is as shown in Fig. 1. An optical field in the form of Gaussian 
pulse with 20 ns pulse width, peak power at 2 W is input into the system. The large bandwidth signals can be seen 
within the second microring device, and shown in Fig. 2(a). The suitable ring parameters are used, for instance, ring 
radii R1= 16.0 ȝm, R2= 9.0 ȝm, and Rd= 25.0 ȝm. In order to make the system associate with the practical device [3, 
5], the selected parameters of the system are fixed to O0 = 1.30 Pm, n0 = 3.34 (InGaAsP/InP), Aeff = 0.50 Pm2 and 
0.25 Pm2 for a microring and add/drop ring resonator, respectively, D = 0.5 dBmm-1, J = 0.1. The coupling 
coefficient (kappa, N) of the microring resonator ranged from 0.55 to 0.90. The nonlinear refractive index of the 
microring is n2=2.2 x 10-17 m2/W.  In this case, the wave guided loss used is 0.5dBmm-1.  The Gaussian pulse is 
chopped (sliced) into a smaller signal spreading over the spectrum as shown in Fig. 2(a), which is shown that the 
large bandwidth signal is generated within the first ring device. In applications, the specific output wavelength range 
can be generated. The free spectrum range and spectral width (Full Width at Half Maximum, WFHM) of the output 
signals of 50 and 20 pm are achieved, respectively. Similarly, the spreading output signals around the center 
wavelengths at 600 and 700 nm, 1300, 1,400 and 1,500 are generated and obtained as shown in Figs. 3-7, where the 
suitable parameters are used and shown in the figures. We find that the generated laser power can be ranged from 
400-1,500 nm with the powerful output power, for instance, the output power of 0.5 W can be obtained after the 
filtering via the add/drop filter. 
 
 
 
 
 
 
Fig. 1. A schematic of a Gaussian pulses generation system, where Rs: ring radii, 
Ns: coupling coefficients, Rd: an add/drop ring radius, Aeffs: Effective areas. 
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Fig. 2. Center wavelength at 400 nm, where (a) large bandwidth signals,  
(b) filtering and amplifying signals from the drop port. 
 
 
Fig. 3. Center wavelength at 600 nm, where (a) large bandwidth signals, 
(b) filtering and amplifying signals from the drop port. 
 
 
Fig. 4. Center wavelength at 700 nm, where (a) large bandwidth signals, 
(b) filtering and amplifying signals from the drop port. 
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Fig. 5. Center wavelength at 700 nm, where (a) large bandwidth signals, 
(b) filtering and amplifying signals from the drop port. 
 
Fig. 6. Center wavelength at 1,400 nm, where (a) large bandwidth signals, 
(b) filtering and amplifying signals from the drop port. 
 
Fig. 7. Center wavelength at 1,500 nm, where (a) large bandwidth signals, 
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(b) filtering and amplifying signals from the drop port. 
3. Conclusion 
 
By using the center wavelengths of the in put pulses at 400-1,500 nm, the obtained results have shown that 
Gaussian pulses can be amplified, which can provide the powerful laser output for various applications. We find that 
the maximum power of 15 W can be obtained as shown in Fig. 3(a), however, the coupling coefficient of the 
add/drop filter is the major parameter of the required coupling output power, for instance, the output power of 15 W 
is obtained as shown in Fig. 4(a), while the filtering signal peak power of 4 mW is obtained as shown in Fig. 4(b), 
whereas the parameters are Rd= 5.0 Pm, N3=N4=0.9. In applications, the use of broader wavelength range in 
communication which requires more available amplifier can be useful for future communication, where the large 
demand of users is required. 
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